Abstract:The total background radiation in the earth's environment is due to the contributions from natural (cosmic and terrestrial) as well as artificial (fall-out
Introduction
Radiation is everywhere, including in the soil. Radionuclides become a part of the soil in three ways: (i) as part of Earth"s original crust (primordial radionuclides) (ii) produced and deposited by cosmic ray interactions (cosmogenic radionuclides) and (iii) through man-made releases (man-made radionuclides and activities) [1] . Primordial radionuclides such as uranium-235, uranium-238, thorium-232, and potassium-40 are left over from the creation of the earth with typical have half-lives of hundreds of millions of years. Primordial radionuclides end up in soil as part of the rock cycle, which includes weathering. Cosmogenic radionuclides such as carbon-14, tritium-3, and beryllium-7 are continuously produced by bombardment of stable nuclides by cosmic rays, primarily in the atmosphere and can have long half-lives, but the majority has shorter half-lives than the primordial radionuclides. Some of these radionuclides fall to earth and are deposited on the soil. The third way radionuclides enter the soil is through man-made activities, such as the fallout from atmospheric testing of nuclear weapons and radiological events like accidents and leakages from nuclear facilities. The radioactive particles from these events travel around the world on streams of air and due to the weight of the particles and weather (e.g., heavy rain) soonthose particles end up to the ground. Natural radioactivity in soil varies on soil type, mineral make up and density. Radionuclides in the soil can move into the water, air and even our food supply.
Natural radiations in the environment, nuclear tests, accidents and possible leakages from nuclear facilitiesmayresult in serious problems for environment and human health.Naturalenvironmental radioactivity arises mainly from primordial radionuclides from the 235 U, 238 Uand 232 Th series,followed by 40 k. Gamma radiation emitted from those naturally occurring radionuclides and from radionuclides deposited on the ground are the main external sources of radiation exposure of the human body. Natural environmental radioactivity and associated external exposure due to gamma radiation depend primarily on the geological, geographical,altitude [2] . Nearly eighty five per cent of the radiation dose received by humanity comes from natural radiation sources [3] . The knowledge of primordial radionuclides is an important prerequisite for the evaluation of the rate of exposure and the absorbed dose by the population. The long-lived naturally occurring radionuclides may get transferred to plants along with the nutrients during mineral uptake,accumulate in various parts and even reach in the edible portions. Abnormal occurrences of uranium and its decay products in rocks and soils and thorium in monazite sands have been identified in several areas of the world [4] . Bangladesh is operating a 3 MW nuclear research reactor, a radioisotope production facility, a high activity gamma irradiation facility as well as other radiological facilities for the benefit of the people of the country.Moreover,Bangladesh is planning to establish nuclear power plants to improve its energy mix. Neighboringcountries have a number of nuclear power plants in operation [5] . Accidents may happen in nuclear installations inside the country as well as in theneighboring countries causing the spread of radioactivity and consequently, influencing the background radiation leveland hence, causing the increase of exposure level to public in this region. Almost every country with nuclear facilities or facilities in neighboring country has its own background radiation mapping database to be used in time of any incident or accident in these nuclear facilities.
The objective of the current study is to estimate the country-wide background radioactivity (mainly-) originating from natural and probable artificial radioactive source by dividing the whole country into reasonable systematic square grids [6] [7] in order to formulate a countrywide background radioactivity mapping database. The current study is devised to detect the probable radionuclides and estimate their activity concentration on the surface layer of the soil in the area under study.
Theinvestigation has been initiated from around the BAEC TRIGA Research Reactor (BTRR) of Bangladesh situated at Atomic Energy Research Establishment (AERE), Savar, Dhaka located near the "BhawalGahr"ofGazipurdistrict.The "BhawalGahr" is mostly an undisturbedforest area spread to the north of the BTRR, has been selected as the starting area for our investigation. The results from this study would produce a baseline radiation map for thisarea which would be used as reference information to assess any change in the background radioactivity level due to the change in the topography of the location,settlement around it as well as any artificial influences on the environment.The study would also provide the current exposure level of the population living in this area due to this background radiation.
II.

Materials And Method
Geology and Climate of the Sampling Site
"BhawalGahr"areaof Gazipurdistrict was selected as the sampling area. The area is situated in the north, north-east and north-western part of Gazipur bordering Tangail to the west, Mymensingh to the north and Dhaka to the south. The location of "BhawalGahr"in the satellite map is shown in Fig. 1 .The greater "BhawalGahr" area lies approximately between the latitude 23  54 00" N to 24  230" N and the longitude 90  08 00" E to 90  38 00" E. The area is the second highest terrace of the Madhupur Tract of Pleistocene age. The surface elevation of the site is varying from about 10 to 15m above the Mean Sea Level (AMSL), which stands much higher than the general elevation of the surrounding flood plain area. Two characteristic geological units cover the area and the surroundings, viz. Madhupur Clay of the "Pleistocene Age" and alluvial deposits of "Recent Age". The highland alluvium consists of sand, silt and clay.The climatologic characteristic of the region is hot humid with relatively wide temperature range, high rainfall and medium evaporation. On the basis of data collected for the period 2001-2011, it was observed that the mean annual rainfall in the facility area was about 2204 mm [8] . At that time period the mean annual temperature and relative humidity in the area was 26  C and 72%, respectively. The average wind frequency of CALM is dominant around the area. Simultaneously, significant parts of the average wind frequencies are observed at S, SE, N, NE, NW, NNW and W directions. The average annual evaporation rate is about 40 mm [8] . This area is thinly populated. Industries and human dwellers are rarely found inside the forest; however, densely populated clusters are also seen at some places. The area is mostly covered with "Shal" (Gazari) trees. However, there are patches of lands inside the forest containing no trees but cultivable lands. Deeplyconcentrated clusters of Gazari trees as well as newly planted trees of different varieties are also seen in some places.
Background Gamma Radiation Mapping in
Sample Collection and Preservation
Standard sample collection protocols were followed in sampling in order to maintain high quality of the sampling technique [6] [7] . The sampling points were identified using online satellite map before starting the collection of samples. Global Positioning System (GPS) was used to confirm the sampling location in the field level while sampling. The samples were collected from the node-points of the square grids with a distance of ~5 km. In some cases appropriate sampling node points could not be reached due to various obstacles such as buildings, marshy lands and lack of accessibility. All the relevant and useful data such as environmental condition, demography around the location, soil type, soil color, weather during sampling, time and date of sampling etc. were recorded. A sampling stick with the ID of the location was used during sampling as shown in Fig. 2 . Fig. 2Typical sample collection procedure during the study Two types of photographs; one close and a panoramic view of the location;were taken during sampling. In order to collect the representative sample a 1m × 1m undisturbed area was selected at each sampling point. Three diagonally equidistance positions were selected within this area.Then on removing the grassroots, pebbles and other unnecessary materials from the selected area soil samples were collected from 0 to 5 cm depth. The
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56 | Page three samples were then mixed properly to make the representative sample of that location. A total of 1 (one) kg of sample was collected from each point. The sample was then kept in a clean plastic packet, marked properly and transported tolaboratory for analysis. Soil samples were collected from 30 differentlocations at 0-5 cm depth, however, 18 samples are ready for this report and the data for the rest of the samples will be reported later.The samples collected were appropriately coded and standard quality control procedures were followed during sampling, sample preservation and processing [6, 9] .
Sample Processing
The soil samples were dried in the sun for several daysandthencleaned to remove stone, pebbles, grass roots and straws. The samples were crushed and dried again in a temperature controlled oven at 100˚C for 24 hours in order to remove the moisture content in it. The dried samples were ground to fine powder and passed through a sieve of 200 µm mesh size.The samples were filled and packed in cylindrical plastic containers of 6 cm diameter and 7 cm height with a volume of 180 ml. The weights of all the samples in the containers were taken by an electronic balance.The net weights of the samples, dates and sample IDs were written down on the top surface of thecontainer and also in a register. Finally, the plastic containers were closed by caps and wrapped with thick vinyl tape about their necks to seal the containers tightly. The samples were then stored for about 4 weeks to assure the secular equilibrium between 238 U and 232
Th series and their progenies [10] . Fig.  3shows the sample processing steps and the sample containers filled with samples. 
Sample Analysis
The characterization (detection of probable radionuclides and estimation of their activity concentration) of the samples were carried out by gamma ray spectrometry technique using a vertical coaxial cylindrical HPGe detector of 20% relative efficiency. The detector had an active volume of 172 cm 3 and was coupled to a 16 kmultichannel analyzer (MCA). The analysis was carried out using Genie 2000 software, which matched various gamma energy peaks to a library of possible radionuclides. The detector was enclosed in a cylindrical shielding container made of lead and iron with 11.3 cm thickness, 51 cm height and 28 cm internal diameter and with a fixed bottom and moving cover to reduce the external γ-ray background during measurement.The measurement system is shown in Fig. 4 .All the samples were counted for 10 ks (10000 sec). Prior to the measurement of the samples, the gamma background at the laboratory site was determined with an identical empty plastic container used for the measurement of the samples. 
Calibration of the HPGe Detector
In the present study the efficiency calibration of the HPGe detector was performed byastandard source of solid matrix prepared using 226 Ra standard solution [12] . The standard source were prepared using an identical container used for the measurement of the samples e.g., the plastic container. The detector efficiency calibration curve as a function of energy for solid matrix is shown in Fig. 5 .
Fig. 5Calibration curve of HPGe detector for solid matrix
Calculation of Activity Concentration
Following the spectrum analysis, count rates for each detected photo-peak and activity per mass unit (specific activity or activity concentration) for each of the detected nuclides were calculated. Calculation of count rates for each detected radionuclides depends on the establishment of secular equilibrium reached between 238 U and 232 Th and for their decay products. Since the detection system gives only the count rate that is proportional to the amount of radioactivity in the samples, therefore, the net count of a sample was obtained by subtracting a linear background distribution of the pulse height spectra from the corresponding peak energy area.
The radioactivity concentration in the environmental samples was obtained using the following formula [13] :
Where, A = Activity of the sample in Bq.kg -1 cps= the net counts per second = cps for the sample -cps for background value E= the counting efficiency of the gamma energy I = absolute intensity of the gamma ray and w = samples net weight (inkg) 
Calculation of Radiological Hazard Indices
Radiological impacts of the radionuclides found in the samples were calculated on the basis of calculation of radium equivalent activity, absorbed dose rate calculation, effective dose rate and hazard indexes as given below.
The radionuclides 226 Ra, 232 Th and 40 K are not homogeneously distributed in soil samples. The inhomogeneous distribution from naturally occurring radionuclides is due to disequilibrium between 226 Ra and its decay products. For uniformity in exposure estimates, the radionuclide concentrations are defined in terms of "radium equivalent activity" (Ra eq ) in Bqkg -1 . This allows comparison of the specific activity of materials containing different amounts of 226 Ra, 232 Th and 40 K according to Beretka and Mathew as follows [15] :
The external hazard index, H ex , is defined as [16] :
The value of this index must be less than unity in order to keep the radiation hazard insignificant. The absorbed dose rate was calculated from the measured activities of 226 Ra, 232 Th and 40 K in the surface soil samples using the formula given below [17] :
Where, D is absorbed dose rate (nGyh -1 ,). In natural environmental radioactivity situations, the effective dose is calculated from the absorbed dose by applying the factor as 0.7 Sv/Gy [19] .
To estimate the outdoor annual effective dose rate, the conversion co-efficient from absorbed dose, 0.7 SvGy -1 and outdoor occupancy factor 0.2 proposed by UNSCEAR, 2000 were used by considering that the people on the average, spent 20% of their time at outdoors [19] . The effective dose rate in units of mSvy -1 was calculated by the following formula: III.
Results And Discussion
As stated earlier, with the aim to map the country-wide background radiation in Bangladesh, the sample collection was started from around the country"s only research reactor (BTRR) at AERE, Savar. Three different batches of samples were collected from at a depth of 0-30 cm (namely, surface soil from 0-5 cm depth, subsurface soils from 5-15 cm and 15-30 cm depths) to observe the horizontal and vertical distribution of the radioactivity in the area, however, the results are presented here only for surface soil from 18 locations of the forest and the results on the rest would be reported next. The radionuclides detected and corresponding activity concentrations in different samples have been shown in Table 1 . The comparison shows that the values of 226 Ra and 232 Th are slightly higher than those found in other countries whereas the value of 40 Kis comparable. Radium equivalent activity (Ra eq ), external hazard index (H ex ), absorbed rate (D) and outdoor annual effective dose (E) to the public were also calculated for these samples [21] and the results are summarized in Table 3 . The maximum value of radiation hazard index was calculated to be 0.79 and this value was found in Hatiabo. This value of hazard index is below unity which means that the area is below the critical value or hazardous level.The minimum value was found in Bhonnara which means among 18 Background Gamma Radiation Mapping in Bangladesh: Radioactivity in the Surface.....
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60 | Page locations studied, this location is less hazardous. The maximum value of annual external effect dose was found in Hatiabo which is 0.16 mSv/y. The minimum value was found to be 0.11 at Bhonnara. The permissible limit of annual effective dose for the public is 1 mSv/y [22] . Thus, the values of annual effective dose of all the locations under study are below the permissible limit and therefore, there is no possibility of immediate health effect due to this dose to the public in these areas. 
Conclusion
The detection of radionuclides and their activity concentrations in soil samples collected from "BhawalGahr" area of Gazipurdistrict were determined as a part of the country-wide background radiation mapping program. The study also included theassessment of the radiological impact on the public and the environment due to these radionuclides. A total of 18 soil samples were collected from 0-5cm depth of soil from across the "BhawalGahr" area and analyzed for their radioactivity content. The analysis of the samples showed that radionuclides detected in the samples were all natural and no artificial radionuclide was found in the study. The activity concentrations found in the samples were compared with other reported data. This study could be useful as a baseline data for the concentrations of radionuclides in the soil of this area and their radiological impact on the public and environment.
